Met hod for producing titaniumdioxide Field of the Invention The invention
relates to the manufacture of titaniumdi oxide by oxidation of titanium
tetrachloride, where liquid titaniumtetrachloride is used.. 10
Technol ogi cal background of the invention 1In one of the comrercially used
met hods for manufacturing titani um di oxi de pignent particles, known as the
chloride process, titaniurn tetrachloride (T1Cl4) is reacted with an

oxi di sing gas, such as #fypenfomiprodetiag,tiangion thoGeet ain additives in a
plug flow reactor to formtitani umdi oxi de and chlorine gas: TiCl:t02 -->
Tit), -1. 2 A2 The Ti2 particles are subsequently separated fromthe
chlorine gas. Known additives are AICL3 as a rutilising agent and steam or
al kali sEktsfas iadnyeheating agent. Omng to the high activation energy of
T104 oxidation, the educts nust be heated to such a degree that an

adi abatic m xed tenperature of the educts of approx. 800 'O is reached
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i nl et &{pﬂer_ature of the product stream is roughly 900 °C higher than that of the educts. Before
3 the TiO, particles are separated from the gaseous reaction products with the help of a filter

this mixture has to be substantially cooled in a cooling section in order to avoid damage to
the filter.

According to US 3,615,202, oxygen and TiCl, are preheated and subsequently caused to
react in a plug flow reactor. Since the full quantities of the educts are in each case added at
one point of the plug flow reactor, this can be referred to as a single-stage method. Similarly,
EP 0427 878 B1 discloses a single-stage method in which oxygen is heated to roughly
1,500 °C to 1,650 °C and mixed with TiCl4/AIC; vapour having a temperature of roughly 450
°C. The process is energetically unsatisfactory in both cases because, referred to the 100%
energy input for heating the educts, roughly 160 % thermal reaction energy is subsequently

released. Roughly 210 % thermal energy then has to be dissipated from the hot product



The net hod according to EP 0 852 568 81 provides for not only the 11014 to
be added in two stages, but also the oxygen. However, the object of this
method is effective control of the 15mean Ti Q2 particle size, and thus of
the tone of the Ti2 pi grrent base material. In this case, TiC 4 vapour
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3 The object of the present invention is to create a method for

manuf actrﬁ Li nag tcj t ani ym di oxi de b oxi dation of titaniumtetrachloride that
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ded at a second iniet point. Oxygen havmg a temperature between 25 °C and 1,040

20 °Cls introduced at the second inlet point, the temperature of the mixture being sufficient to
initiate the reaction.

The multi-stage method according to US 6,387,347 is additionally said to reduce
agglomeration. To this end, the previously heated TiCl, stream is split into two part streams

3 before addition to the reactor. One part stream is oxidised in the first stage of the reactor.
The second part stream is cooled by injection of liquid TiCl, (de-superheating) and then
added to the reactor. De-superheating takes place outside the reactor, the temperature not
falling below the condensation temperature of the overall stream.

30 US 2007/0172414 A1 discloses a multi-stage method for the reaction of TiCl, and O, in
which gaseous TiCl, is fed into the reactor in the first stage, and liquid TiCl, in the second

stage. This method permits energy savings and improvement of the particle size range.

35 Object and summary of the invention



Figure 1 : diagrammatic illustration of a plug flow reactor having a single
fluid nozzle, aligned parallel to a plage |ying perpendicular to the center
line of the reactor. Figure 2 side view of the reactor shown in Figure
Figure 3 : diagrammatic illustration of a plug flow reactor having a

hol | ow coneoigkttsk efe e e Fi 4. rged vi ew of the nozzle
shown in_Fi lﬁar,e 3. ,ﬁg%éng%%alafda%% iacmleﬁghz?rgg?q%C%angat'tﬁp'Uﬁ‘ Fipyoe
react or Wa?fﬁ lop f Bignsinhigiractflvrisiedhaigezhis furaki greg, sadigal dompRed Rethe

ci rcunf ememees mowmﬁo,{]%ﬁ%r sAnd parallel to a plane lying perpendicular to
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Description of the invention

The method according to the invention differs from the aforementioned single-stage or multi-
stage chloride processes for manufacturing titanium dioxide from the prior art in that the TiCl,

is introduced into the oxidation reactor in at least two stages and exclusively in liquid form.



1, 650 Exanple 2 920 Reference 1 1,650 Tol uene demand (kg/h)
consunption due to

-110 0 110 C
Ha formation (kg.4l h) 340 0 340 TiOl4 (tlh) forilst

stage 9:1 1.2 24.0
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30

In this context, the total quantity of liquid TiCl, used is split up in several stages in that way,
that only a small quantity is added in the first stage in order to start combustion despite using
the liquid phase. In the first phase, the activation energy required is provided solely via the
preheated oxygen. In all other stages, the activation energy is provided by the preheated
oxygen and the reaction enthalpy of TiCl, oxidation released in the upstream stages.

When developing the method, it is of central importance that the reaction not be extinguished
as a result of injecting an excessive quantity of fiquid TiCl, into one of the stages. An
effective indication of whether the reaction will run spontaneously or die out is provided by
the calculated adiabatic mixed temperature of all educts in the respective stage before the
start of the reaction. Experience shows that the reaction takes place completely upwards of
an adiabatic mixed temperature of approx. 740 °C. On this basis, the person skilled in the art
can easily define the number of stages required and the distribution of the TiCl, among these

stages.

Surprisingly, the chloride process according to the invention, with addition of TiCl, purely in
liquid form, can be performed not only when using oxygen preheated to roughly 1,600 °C, but
also when using preheated oxygen having a temperature in the range from roughly 740 °C to
1,000 °C. In the latter case, there is no need for additional oxygen heating with an auxiliary
flame, e.g. with toluene. A further advantage of the second version is lower chlorine
consumption, which otherwise occurs due to formation of HCI during toluene combustion.

The method according to the invention can be performed under the conditions indicated in
Exampies 1 and 2, below, although this list is in no way intended to restrict the invention. The
Reference Example is based on one-stage addition of gaseous TiCl, in accordance with the
prior art (EP 0 427 878 B1):

Example 1 Example 2 Reference
No. of stages 2 5 1
O, temperature upstream
of reaction zone (°C) 1,650 920 1,650
Toluene demand (kg/h) 110 0 110
Cl consumption due to
HCI formation (kg/h) 340 0 340
TiCly (t/h) for 1st stage 9.1 1.2 24.0

2nd stage 14‘.9 2.9 -



2nd stage 14,9 9.9 5 3rd etage. 4.3 4th stage 6.5 51,11 stage 9,1 The
met hod according to the invention offegs several advantages conpared to the
addi ti on of gaseous T1Cl4: The energy~and apparatus required for
evaporating the TiCl4 are elimnated. Because of the high nonmentum of the
injected liquid drgplets, the TiCl4 can be dispersed nore efficiently when
added in liquid fopmthis making it possible to cre fe nore hor nogenec. Jus
reaction conditioqﬁhSta g the nulti-stage method, nix-ﬁg with relatively
cold educt in the seco and further conbustion stad%% | owers the adiabatic
reaction tenperature, nmeaning that the sintering process, i.e, particle
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whi ch at oni z8sC¥He Pati¢edicedPTIGI4(14) into snaller size droplets (24) in
conparison to the single fluid nozzle (12), in another enbodi nent of the
inventign two fluid nozzles are used instead of the single fluid nozzles
(12) and9¢Z3)’, OkhErow exerinuy dmibkieneTiGr4hamdeaiogasig(prsopetd arhw Cang be

i ntroduged rsi-mul t@nequ i he . react (10).. As, a propellant one gas or
a mxture E)f Ct hg(gasesﬁtr?%ﬁ%ﬁg* 'gﬁc')%@%g“cg%r'ig gg%(%f@ﬁdt?'%gbﬁ'ggr’ﬁ’éﬁ'?s ¢hlori ne
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gas (20) additionally introduced into the reactor (10) in order to prevent any accumulation of

solids and thermal damage to nozzle (12). Figure 1 illustrates nozzle (12} aligned parallel to

a plane lying perpendicularly to the center line of reactor (10).

Figures 3 and 4 show a preferable embodiment of the invention, wherein a hollow cone
cluster head nozzle (22) is used which atomizes the introduced TiCls (14) into smaller size
droplets (24) in comparison to the single fluid nozzle (12). In another embodiment of the
invention two fluid nozzles are used instead of the single fluid nozzles (12) and (22), where a

30 liquid like TiCl, and a gas (propellant), can be introduced simultaneously into the reactor (10).
As a propellant one gas or a mixture of the gases from the group comprising nitrogen, argon,
chlorine gas and oxygen may be used.

Figure 5 shows an embodiment of the invention wherein the nozzles (12) are aligned radially
35 tothe circumference of reactor (10) and parallel to a plane lying perpendicular to the center

line of the reactor (10). Liquid TiCl, (14) is introduced through the nozzles (12) into the
reactor (10) and atomized.



reactor (10) and atom zed. 6 Figure 6 shows a further enbodi nent of the

i nvention wherein the nozzles (12) are aligned tangentially to the

ci rcunference of the reactor (10) and ih a pl ane lying perpendicular to the
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25Met hod of any of Clains 2 to 5, characterised in that the nozzles are
aligned parallel to a piane |ying perpendicularly to the centr The of the
reactor, Method of Claim6, characterised in that the nozzles are aligned
tangentially to the circunference of tihe reactor.. Method of any of
Clainms': to 7, characterised in that the oxygen is preheated to a
tenperature of up to roughly 1,600 "0, preferably to a tenperature in the
range fromroughly 740 "0 to 1,000 'C. Met hod for producing titanium

di oxi de Abstract The invention relates to the production of titanium

di oxi de by reacting of titaniumtetrdeHMSride with preheated oxygen in a
tubul ar reactor in at least two steps. The titaniumtetrachloride is only
used in the liquid form Al of the used liquid TiCl[err] is quantitatively
divided in such a manner that in the first step, only a snmall anmount of
TiCl[err] is dosHathon fordenfattoristizariunc sinbuspdronesdesphdieg ushig the 1iquid
phase. In the fi ; Ii activation ener is only provided
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provi ded by the BriEhearted oxygen and by the reaction enthal py of the
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clai ned i nventive rrec} hod i s _en,er_g}/ savi ng conpared er \ﬁﬁdmet hods.
IS used exclusively in liquid torm.

10
2. Method of Claim 1, characterised in that
the titanium tetrachloride is introduced by single-fluid nozzles, particularly by
hollow-cone cluster-head nozzles.

) 3. Method of Claim 1, characterised in that
the titanium tetrachloride is introduced by two-fluid nozzles.

4. Methed of Claim 3, characterised in that
a propellant selected from the group comprising nitrogen, argon, chlorine gas or
20 mixtures thereof is used.,

5. Method of any of Claims 2 to 4, characterised in that

the nozzles are enveloped by a protective gas.

25 6.  Method of any of Claims 2 to 5, characterised in that
the nozzles are aligned parallel to a plane lying perpendicularly to the centre line
of the reactor.

7. Method of Claim 6, characterised in that

30 the nozzles are aligned tangentially to the circumference of the reactor.

8. Method of any of Claims 1 to 7, characterised in that
the oxygen is preheated to a temperature of up to roughly 1,600 °C, preferably to
a temperature in the range from roughly 740 °C to 1,000 °C.



